Abstract Present paper provides a new model of anisotropic strange star corresponding to the exterior schwarzschild metric.The Einstein field equations have been solved by utilizing the Krori-Barua (KB) ansatz [K.D. Krori and J. Barua, J. Phys. A: Math. Gen. 8, 508 (1975)] in presence of quintessence field characterized by a parameter ω q with −1 < ω q < − 1 3 .The obtained solutions are free from central singularity. Our model is potentially stable.The numerical values of mass of the different strange stars SAXJ1808.4-3658(SS1)(radius=7.07 km),4U1820-30 (radius=10 km),Vela X-12 (radius=9.99 km),PSR J 1614-2230 (radius=10.3 km) obtained from our model is very close to the observational data that confirms the validity of our proposed model. The interior solution is also matched to the exterior Schwarzschild spacetime in presence of thin shell where negative surface pressure is required to hold the thin shell against collapse.
Introduction
One of the most important discoveries in the last decades is that the expansion of our present universe is accelerating. It was first observed by high red shift supernova Ia and later it was confirmed by cosmic microwave radiation (Bennett et al 2003; Spergel et al 2003) . Dark energy is the most suitable candidate to explain this. As a result the study of dark energy has become a subject of considerable interest to Piyali Bhar 1 Department of Mathematics, Jadavpur University, Kolkata 700 032, West Bengal, India * Email:piyalibhar90@gmail.com the researchers.Cosmic Microwave Background (CMB) has shown that our universe made up of 68.3% dark energy,26.8% dark matter and 4.9% ordinary matter. Dark matter is attractive in nature and it can not be seen by telescope but its existence has been proved by gravitational effects on visible matter and gravitational lensing of background radiation. On the other hand dark energy is repulsive in nature and it has strong negative pressure. p = ωρ with ω < 0 is generally called the dark energy equation of state. ω is called the dark energy parameter.For accelerating expansion ω should lie in the range ω < − 1 3 . If ω lies in the range −1 < ω < − 1 3 it is referred to as quintessence field. ω < −1 is named as phantom regime that has a peculiar property namely infinitely increasing energy density. In particular if ω = −1 then the dark energy equation of states becomes p = −ρ which describes the equation of state of the shell of a 'Gravastar', gravitationally vacuum condense star proposed by Mottola (Mazur& Mottola 2001, 2004) . Some other works on gravastar can be found in the references (Usmani et al 2011; F.Rahaman,Usmani,Ray & 2012; Piyali Bhar 2014c) .
To study stellar structure and evolution it is generally assumed that the underlying fluid is a perfect fluid,i.e,the pressure inside the fluid sphere is isotropic in nature. However present observation shows that the fluid pressure of the highly compact astrophysical objects like X-ray pulsar,Her-X-1, X-ray buster 4U 1820-30,millisecond pulsar SAXJ1804.4-3658 etc. whose density of core is expected to be beyond the nuclear density (∼ 10 15 gm/cc) becomes anisotropy in nature,i.e,it can be decomposed into two parts radial pressure p r and transverse pressure p t where p t is in the perpendicular direction to p r . ∆ = p t − p r is called the anisotropic factor. Local anisotropy in self-gravitating systems were studied by Herrera and Santos (Herrera & Santos 1997 ) and see the the references there in for a review of anisotropic fluid sphere. Anisotropy may occurs in various reasons e.g,the existence of solid core,in presence of type P superfluid, phase transition,rotation, magnetic field,mixture of two fluid,existence of external field etc.It is believed that strange quark matter is consisted of u, d and s quarks. According to Witten (Witten 1984 ) the formation of strange matter can be classified into two ways:the quark hadron phase transition in the early universe and conversion of neutron stars into strange stars at ultrahigh densities. Stars composed of strange matter is called the strange star which can be classified into two types:for type-I strange star m a > 0.3 and for type-II strange star 0.2 < m a ≤ 0.3 and to distinguish the type-II strange stars from the neutron star the information about density profile,mass,radius are essential (Jotania & Titekar 2006) . In the present paper we propose a model of strange star in presence of quintessence field. Since the density inside a strange star is beyond the nuclear density,we have considered the pressure anisotropy for our model. We assume that the underlying fluid is a mixture of ordinary matter and an unknown matter which is of dark energy type i.e repulsive in nature. Dark energy star models have been studied by several authors.Lobo (Lobo 2006) has given a model of stable dark energy star by assuming two special type of mass function one is of constant energy density and the other mass function is Tolman-Whitker mass. All the features of the dark energy star has been discussed and the system is stable under small linear perturbation.The van der Waals quintessence stars have been studied by Lobo(lobo 2007) .In that work, the construction of inhomogeneous compact spheres supported by a van der Waals equation of state is explored.van der Waals gravastar,van der Waals wormhole have also been discussed.Variable Equation of State for Generalized Dark Energy Model has been studied in (Saibalet al 2011). Bhar and Rahaman (Bhar & Rahaman 2014) have proposed a new model of dark energy star consisting of three zones namely an inhomogeneous interior region with anisotropic pressures,thin shell and the exterior vacuum region of Schwarzschild spacetime.The proposed model satisfies all the physical requirements.The stability condition under small linear perturbation has also been discussed.Anisotropic Quintessence star has been studied by Kalam et al.(Mehedi et al. 2013) .Finch-skea ansatz (Finch & Skea 1989 ) was used to solve the Einstein field equation.The authors took a particular choice of the quintessence field to develop the model.In a very recent work Bhar (Bhar 2014b ) has described one parameter group of conformal motion in presence of quintessence field.Vaidya-Titekar (Vaidya & Titekar 1982) ansatz was used to develop the model.The obtained results are analyzed physically as well as with the help of graphical representation.
The paper is organized as follows: In sect.2 we have discussed about interior spacetime and Einstein field equations.Solutions of the system and physical analysis is done in sect.3 and sect.4 respectively.The other features are given in sect.5-9 and finally some concluding remarks is given in sect.10.
Interior Solutions and Einstein field Equation
To describe a static spherically symmetry spacetime let us consider the line element in the standard form as,
Where λ and ν are functions of the radial parameter 'r' only. Now let us assume that our model contains a quintessence like field along with anisotropic pressure representing normal matter. The Einstein Equations can be written as,
Where G µν is the Einstein tensor and T µν , τ µν are respectively the energy momentum tensor of the ordinary matter and quintessence like field characterized by a parameter ω q with −1 < ω q < − 1 3 . Now Kiselev (Kiselev 2003) has shown that the component of this tensor need to satisfy the conditions of additivity and linearity. Considering the different signature used in line elements,the components can be stated as follows:
and the corresponding energy-momentum tensor can be written as,
with u i u j = −η i η j = 1 and u i η j = 0. Here the vector u i is the fluid 4-velocity and η i is the spacelike vector which is orthogonal to u i , ρ is the matter density, p r and p t are respectively the radial and the transversal pressure of the fluid.
The Einstein field equation assuming G = 1 = c can be written as
To solve the Einstein field equations we consider KB ansatz (Krori & Barua 1975) 
Where A, B and C are some arbitrary constants which will be determined later using some physical conditions. Since the pressure inside the fluid sphere is anisotropic in nature,so in this case p r = p t . Now one can note that we have three equations (6)- (8) with four unknowns namely ρ, p r , p t , ρ q . To solve the above system of equations let us assume that the radial pressure p r is proportional to the matter density ρ i.e,
Where α is the equation of state parameter. The equation (10) corresponds to a polytropic equation of state of the second class. Where the polytropic constant is α and the polytropic index (n) is infinity ,a particular case of equation (36) in reference (Herrera & Barreto 2013) Solving equations (6) − (8) with help of equations (9) and (10) one can obtain
The profile of matter density (ρ),radial pressure (p r ) & transverse pressure p t and quintessence field (ρ q ) of strange star PSR J 1614-2230 (Radius=10.3 km) are shown in fig. 1,fig 2 and fig. 3 respectively.
Physical Analysis
For a physical meaningful solution one must have
• ρ, p r and p t ≥ 0 for 0 ≤ r ≤ a • matter density (ρ)and radial pressure (p r ) should be monotonic decreasing function of r From the profile of ρ, p r , p t given in Fig. 1 and Fig. 2 the first condition is satisfied. The central density ρ 0 is given by,
and the surface density i.e, density on the boundary r = a is given by,
For our model,
and at the point r = 0, dρ dr = 0, dp r dr = 0 Fig. 1 The variation of the matter density ρ vs r (in Km).
So one can conclude that both ρ and p r are monotonic decreasing function of r and they have maximum value at the center of the star. The anisotropic force is given by ∆ = 2 r (p t −p r ) which is depicted in fig. 4 .From the figure we see that ∆ > 0,i.e p t > p r which concludes that the anisotropic force is repulsive in nature.
The equation of state parameter ω r and ω t are obtained as,
The profile of ω t is shown in fig 5. From the figure it is clear that ω t is monotonic increasing function of 'r' and 0 < ω r , ω t < 1 i.e the underlying fluid is non-exotic in nature.
Further for a fluid sphere the trace of the energy tensor should be positive suggested by Bondi (Bondi 1999) . To check this condition for our model we have plotted ρ − p r − 2p t vs 'r' in fig. 6 . From the figure it is clear that ρ − p r − 2p t ≥ 0. Fig. 3 The plot of the quintessence field ρq is plotted against 'r' (km) by taking α = 0.11 and ωq = −0.7 Fig. 4 The anisotropic force is plotted against 'r' by taking α = 0.11 and ωq = −0.7 Fig. 5 The equation of state parameter ωt is plotted against 'r' (km) by taking α = 0.11 and ωq = −0.7
Exterior Spacetime And Matching Condition
The exterior spacetime corresponding to our interior solution is described by the schwarzschild spacetime given by the line element
Now using the continuity of the metric coefficient g tt , g rr , ∂gtt ∂r at the boundary r = a we have,
1
Solving equations (16) − (18) we get,
(20)
The numerical values of the constants 'A' and 'B' for the strange stars SAXJ1808.4-3658(SS1)(radius=7.07 Fig. 6 Trace of the energy momentum tensor is plotted against 'r' (km) by taking α = 0.11 and ωq = −0.7 km),4U1820-30 (radius=10 km),Vela X-12 (radius=9.99 km),PSR J 1614-2230 (radius=10.3 km) are shown in Table I .
Energy Condition
For our anisotropic fluid sphere all the energy conditions namely Null Energy Condition (NEC),Weak Energy Condition (WEC),Strong Energy Condition (SEC) and Dominant Energy Conditions (DEC) will be satisfied if and only if the following inequalities hold simultaneously at every point inside the fluid sphere. We will prove the above inequalities with the help of graphical analysis.The profile of the L.H.S of the inequations (22)- (25) are shown in f ig. 7.The figure indicates that all the above inequalities are satisfied and consequently all the energy conditions hold. 
The graphs of (v 
Mass Function
The mass function within the radius 'r'can be obtained as,
As r → 0 ,m(r) → 0,i.e, the mass function is regular at the origin.The profile of mass function for strange star PSR J 1614-2230 (10.3 km) against 'r' is shown in fig. 11 . The figure shows that m(r) > 0 for 0 < r < a and is monotonic increasing function of 'r'. We have calculated the values of mass for the strange stars SAXJ1808.4-3658(SS1)(radius=7.07 km),4U1820-30 (radius=10 km),Vela X-12 (radius=9.99 km),PSR J 1614-2230 (radius=10.3 km) from our model which is given in Table II and have also compared the values of mass of those strange stars to the observational data (see Table II) 
Compactness
The compactness of the star u(r) can be defined by,
The figure of u(r) for the strange star PSR J 1614-2230 (radius=10.3 km) is depicted in f ig. 12
Mass Radius Relation
In this section we will discuss about the mass radius relation of the strange stars SAXJ1808.4-3658(SS1)(radius =7.07 km),4U1820-30 (radius=10 km),Vela X-12 (radius=9.99 km),PSR J 1614-2230 (radius=10.3 km). According to Buchdahl (Buchdahl 1959) twice the maximum allowable ratio of Mass to the radius for an astrophysical object lies in the range 2m a < 8 9 where 'm' is the mass and 'a' is the radius of the object. We have calculated the values of 2m a for the strange stars SAXJ1808.4-3658(SS1)(radius=7.07 km),4U1820-30 (radius=10 km),Vela X-12 (radius=9.99 km),PSR J Fig. 11 mass function is plotted against 'r' by taking α = 0.11 and ωq = −0.7 Fig. 12 The compactness of the strange star is plotted against 'r' by taking α = 0.11 and ωq = −0.7 1614-2230 (radius=10.3 km) from our model which is given in Table III and the compactification parameter for strange stars should lie in the range of ultracompact stars that have the matter density beyond the nuclear density (∼ 10 14 gm/cc). The calculated values of the compactification factor of the strange stars SAXJ1808.4-3658(SS1)(radius=7.07 km),4U1820-30 (radius=10 km), Vela X-12 (radius=9.99 km),PSR J 1614-2230 (radius=10.3 km) from our model is shown in Table III 
Surface Redshift
The redshift function z s can be obtained as,
The profile of the redshift function of the strange star PSR J 1614-2230 (radius=10.3 km) is shown in fig. 13 .In this connection we want to mentioned that for anisotropic star the values of the maximum surface redshift cannot be arbitrarily large. On the other hand,according to Bö hmer and Harko for an anisotropic star in the presence of a cosmological constant the surface redshift should lie in the range z s ≤ 5 (Harko 2006). The maximum values of the surface redshift of the strange stars SAXJ1808.4-3658(SS1)(radius=7.07 km),4U1820-30 (radius=10 km),Vela X-12 (radius=9.99 km),PSR J 1614-2230 (radius=10.3 km) calculated from our model are shown in Table III . Though our model is without cosmological constant from the table it is clear that maximum value of z s of the above mentioned strange stars is less than 5, which is quite reasonable.
Junction Condition
To avoid the singular behavior of the physical variable our solution should satisfy the Darmois conditions on the boundary (Herrera et al. 2008) . Such conditions require the continuity of the first and second fundamental form across the boundary. According to Bonnor & Vickers (Bonnor and Vickers 1981) these conditions are equivalent to the conditions imposed by Lichnerowicz (Theories Relativistes de la Gravitation et de l'Electromagnetisme (Masson, Paris, 1955) ).These conditions require (for the smooth matching) the existence of a coordinate system where the metric and all their first derivatives are continuous across the boundary surface. If the second fundamental form is not continuous, then there is a shell on the boundary surface, and the matching is described by the Israel conditions. Now it is obvious from equation (12) that the radial pressure is non-vanishing at the boundary. So according to Misner and Sharp, (Misner& Sharp 1964) the second fundamental form is discontinuous across the boundary surface. To take care of this let us use the DarmoisIsrael (W.Israel 1966 (W.Israel , 1967 formation to determine the surface stresses at the junction boundary. The intrinsic surface stress energy tensor S ij is given by Lancozs equations in the following form
The discontinuity in the second fundamental form is given by, Fig. 13 The variation of the surface redshift is shown against 'r' by taking α = 0.11 and ωq = −0.7 where the second fundamental form is given by,
where n ± ν are the unit normal vector defined by,
with n ν n ν = 1.Where ξ i is the intrinsic coordinate on the shell.+ and − corresponds to exterior i.e, Schwarzschild spacetime and interior (our) spacetime respectively. Considering the spherical symmetry of the spacetime surface stress energy tensor can be written as S i j = diag(−σ, P).Where σ and P is the surface energy density and surface pressure respectively.
The non-trivial components of the extrinsic curvature are given by
and
Therefore the surface stress energy and surface pressure is given by,
Where σ and P are respectively the surface stress energy and surface pressure. Hence one can match our interior spacetime to the exterior Schwarzschild spacetime in presence of a thin shell. The mass of the thin shell is given by
Using (39) and (41) one can obtain the mass of the fluid sphere as,
Which gives the mass of the fluid sphere in terms of the thin shell mass.
Next we will discuss about the evolution identity given by
where
which gives,
For a static solution a 0 (assumingȧ = 0 =ä) from the above equation one can obtain
Now in particular if the surface energy density (σ) vanishes from equation (39) and (45) one obtain
Since radial pressure (p r ) is positive (see fig. 2 ) for our model then from equation (46) it is clear that surface pressure P < 0 is required to holds the thin shell again collapse.
Discussion and concluding remarks
In the present paper we have proposed a new model of anisotropic star using KB ansatz (Krori & Barua 1975) in presence of quintessence field which is characterized by a parameter ω q with 1− < ω q < − 1 3 . Inspired by the observational evidence of the accelerated expansion of our present universe we have considered quintessence dark energy field in our present stellar model.Our present model is free from central singularity.Both the radial pressure (p r ) and matter density (ρ) are monotonic decreasing function of 'r',i.e,they have maximum value at the center and it decreases from the center to the surface of the star. Plugging 'G' and 'c' in the expression of ρ, p r given in equation (11) and (12)we have obtained the values of central and surface density and central pressure from our model which are given in Table 2 .From the table it is clear that central density ρ 0 of different strange stars are ∼ 10 15 gm/cc i.e beyond the nuclear density. All the energy conditions are satisfied by our model. The subliminal velocity of sound is less than 1,i.e, 0 < v (Buchdahl 1959) . We have calculated the numerical values of the mass of above mentioned strange star from our model which is very close to the observational data. The maximum values of the surface redshift function is calculated for the strange stars from our model which is less than 5 (Harko 2006). Our interior solutions is matched to the exterior schwarzschild line element in presence of thin shell and we have shown that negative surface pressure is required to hold the system against collapse. A relation among radial pressure (p r ), surface energy density (σ),surface pressure (P) is also obtained.
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